Most of the failures in metal-ceramic restorations occurs at the interface between the two materials. For long term clinical performance, these restorations should have adequate bond strength between metal and ceramic. Few data is available in regards to the metal-ceramic bond strength of Cobalt Chromium (Co-Cr) alloys fabricated by computer aided designing design/computer aided manufacturing CAD/CAM technology.
INTRODUCTION
Although in modern dentistry over the last 20 years the usage of all-ceramic materials in fixed prosthodontics has considerably grown, as clinically analyzed, it was found that most of crowns and fixed partial dentures (FPDs) throughout the world are still made of metal-ceramic as these restorations have excellent clinical results due to their low clinical failure (5- year cumulative failure of 4.4%), compared to 6.7% in all-ceramic restorations. [1] Metal-ceramic (MC) FPDs merge the high strength, longevity and marginal fit of the cast metal together with the superior esthetics of ceramic materials. Therefore, dental rehabilitation could be fulfilled through both esthetic and functional factors relying on the materials chosen. [2] Moreover, MC restorations are still indicated where all-ceramic cannot function; as in case of increased occlusal load, limited inter-arch space (which limits the thickness of the connectors), increased span length and full-arch prosthesis. [3] Owing to the high cost of precious alloys and the progress made in ceramic technology, base metal alloys were selected as infrastructure materials for FPDs for their excellent strength and for being economically reasonable. [4] So different base metal alloys as nickel-chromium (Ni-Cr), titanium (Ti), and Co-Cr are commercially available in the market. [5] In prosthodontics, Co-Cr alloys have been selected as a substitution for patients that show allergic reactions to Ni. Co-Cr alloys are worldwide used in prosthodontics due to their superior marginal fit, biocompatibility, and non-existence of allergic reactions. Furthermore, these alloys promote treatments of excellent quality, as they have outstanding mechanical properties: high modulus of elasticity, hardness ,tensile strength, corrosion resistance, wear resistance, and heat resistance. [6, 7] Co-Cr in dentistry is fabricated through three various production technologies: lost wax casting technique, CAD/CAM and direct metal laser sintering. The different fabrication techniques are dependent on alloys that are particularly arise for each technique used. Co-Cr restorations are traditionally fabricated by conventional lost-wax casting which is considered the most commonly used technique for manufacturing accurate cast metal restorations due to its accessibility regarding the used equipment and low cost. [8] The casting of base metal alloys was found to be more difficult than the noble alloys. This is due to the higher melting points and vulnerability to oxidation of base metals during casting. [9] This procedure takes a long duration and requires specific expertness for dental technicians and usually ends by defects and pores within the alloy. [10] Recently, the development of (CAD/CAM) resulted in a major change in dental laboratories, improving quality by fabricating compatible and accountable restorations. [11] CAD/CAM fabrication technique has more time-saving in comparison to conventional casting method, which is the main cause for using computer technology in construction of different prostheses .CAD/CAM systems utilize milling tools of various sizes and shapes to mill restorations from different materials' blocks. [12] Various materials can be milled as titanium, ceramics, different types of polymers and alloys as Co-Cr. The reason of using milling technique is to overcome some drawbacks of casting, such as porosities and flaws which can reduce the accuracy of the restorations. [13] Selective laser melting (SLM) is a recently introduced technique in comparison to both conventional casting and CAD/CAM techniques. It is an additional method for fabricating Co-Cr restorations from a 3D CAD model by focusing a high-power laser beam in order to fuse fine layers of metal powder. But, SLM method needs high-cost tools and is also confined to large CAD/CAM dental industrial centers. [14, 15] During the past 50 years, a lot of researches and studies regarding MC FPDs failures have been developed. Goodacre et al (2003) [16] concluded that the porcelain fracture was the major factor for failure. The decrease in FPDs survival rate after 10 years may be due to material fatigue and/or a combination of mechanical and biological factors. Veneering porcelain chipping or fracture is one of the most common complication associated with MC restorations. The mechanical failures of these restorations are often a multi-factorial phenomenon and the factors may also vary depending on the type of fracture that has occurred. When the restoration is subjected to excessive stresses , the possibility of failure due to fatigue and crack propagation could rise, resulting in fractures that could occur either within porcelain or at the metal-porcelain interface. [17] Adhesion of porcelain to the metal substructure is considered the most important factor in the clinical durability of porcelain fused to metal (PFM) restorations. Bonding of porcelain to metal is an important point to be considered for the success of the restoration. This bonding between metal and porcelain is believed to be achieved by the micromechanical bond, slight mismatching in coefficient of thermal expansion, van der Waals forces, and mainly the amount of oxidation between metal and porcelain. Failure in bonding between porcelain and metal will cause failure of the whole restoration. [18] In dentistry, the most probably used method for evaluating bond strength between different materials is the SBS test. It is used to detect the failure type that occurs in PFM restorations with Co-Cr substructure. Several authors suggested the use of SBS test and considered it as one of the most reliable methods to assess the bond strength because it focuses the applied tension on the interface between Co-Cr and ceramic. [18] [19] [20] Galo et al (2010) [21] stated that SBS values more than 25 MPa is considered clinically acceptable.
The durability of dental prosthesis can also be affected by unfavorable conditions available intra-orally, as the masticatory cycle and the temperature changes due to the consumption of food and beverages. To simulate the intra-oral conditions, several in vitro studies have used both thermal and mechanical cycling to facilitate aging to the samples. So that during mechanical cycling, the samples are subjected to load many times, mimicking chewing cycles, while in the thermal cycling, the samples are subjected to sudden and great changes in temperature to approximate the intra-oral conditions for dental materials. [22] [23] [24] Cemented dental prosthesis are usually subjected to the oral environmental factors that may restrict their durability since dental materials may undergo physical and chemical changes. The application of repetitive loads in mastication can cause stress concentration, and the thermal changes resulting in fatigue of different dental materials and/or at the interface between them. So, some investigators have suggested various testing procedures such as thermal or mechanical cycling in order to simulate the intra-oral conditions before testing the mechanical properties. [23] [24] [25] In order to estimate different materials clinically, their mechanical fatigue tests should be done in a wet environment. However, the application of both mechanical and thermal cycling could be found as a more vigorous way of aging the MC restorations. [26] As, high forces and repetitive stresses applied during the chewing cycle may result in fatigue and fracture of the materials when they are exposed to different intra-oral conditions. Various mechanical tests are crucial to evaluate the performance of these materials, to simulate physiological conditions generated by the chewing cycle and to produce more data than studies using a constant loading rate. [27, 28] This study was carried out first to evaluate PFM shear bond strength of conventionally used feldspathic porcelain to milled and cast Co-Cr alloy, then to compare them with and without thermomechanical cycling and finally evaluate the failure mode for all samples. The first null hypothesis was that SBS values between porcelain and Co-Cr were independent of the fabrication technique (milling or casting). The second null hypothesis was that thermo-mechanical cycling would not affect SBS values for all samples.
MATERIALS AND METHODS

Study Design
In this in vitro study, a total of 20 disc samples (10 mm diameter x 4mm thickness) were fabricated of Co-Cr alloy and divided into two groups (10 discs each) according to their fabrication technique: Group I: fabricated by CAD/CAM milling and Group II: fabricated by conventional casting. Then, porcelain build up for all discs (10mm diameter x 2mm thickness) was done using feldspathic porcelain. Each group was subdivided according to discs' exposure to thermo-mechanical cycling into two sub-groups (5 discs each). Subgroup A: without thermo-mechanical cycling and Sub-group B: with thermo-mechanical cycling.
Fabrication of Co-Cr discs
I) Discs fabrication by CAD/CAM technology
Standardized ten discs were fabricated by the CAD/CAM wet milling technique according to the following steps:
a-Designing of the discs
By the aid of the CAD software (Exocad Dental CAD,v.2016,GmbH, Darmstadt, Germany), discs were individually designed with 10 mm diameter and 4 mm thickness.
b-Milling of the Discs :
A Co-Cr blank specific for the wet milling procedure (Adentatec system soft-Blank, GmbH& Co, Germany, /Chemical composition: (Co 61.65%, Cr 27.75 %, W 8.45 %, Mn 0.25 %, Si 1.61%, Fe 0.2%, others <0.1%) with 99.5×18 mm dimensions was used in this study. The 2-dimensional shapes of discs were digitized with CAD software (Exocad Dental CAD,v.2016,GmbH, Darmstadt, Germany).
Ten discs were milled to the designed dimensions using a 5-axis computerized numerically controlled milling machine (Yenadent D43, Istanbul turkey MFG), following the wet milling protocol according to the manufacturer's recommendations. Then the milled discs were separated using a cutting disk and sandblasted with 125μ aluminum oxide particles at 3 bar pressure following the manufacturer's instructions. After the milling process no heat treatment was performed.
II) Discs fabrication by lost wax casting technique
Ten discs (10 mm diameter x 4 mm thickness) were prepared with the lost wax casting. In order to standardize their diameter and thickness, all wax discs were fabricated by the CAD/CAM technology. The wax discs were designed similar to the CAD/ CAM fabricated Co-Cr discs using the CAD software (Exocad Dental CAD,v.2016,GmbH, Darmstadt, Germany), wax patterns were milled from a casting wax blank for CAD/CAM (Huge, GmbH & Co. KG, Germany) using a 5-axis milling machine (vhf CAM 5-S1, camfacture AG,Germany). Milled wax discs were coated with surfactant (Aurofilm, Bego, Germany), and allowed to dry for minutes then invested (Bellavest SH & begosal mixing liquid, Bego, 160g. powder / 29ml liquid). For the elimination of wax, the investment rings were inserted in an oven (Midtherm 200 MP; Bego) and temperature was increased to 900˚C and held for 60 minutes. After wax elimination, the Co-Cr alloy (Adentatec System Duro, GmbH& Co,Germany / Chemical composition: Co 59.9%, Cr 24.8%, W 8.5%, Nb 2.2%, V 2.2%, Mo 0.95%, Fe 0.1%, Si 0.95 % Others ≥ 0.1) was cast in an induction casting machine (Fornax 35 HF induction casting machine, 10060 S. Secondodi Pinerolo-Italy) at the manufacturer recommended casting temperature (1485˚C). The investment was removed by airborne particle abrasion with 125μ aluminum oxide in a sandblaster (Duoster F1 -BEGO) at 3 bar pressure and sprues were cut by carbide disks at low speed. Metal discs were cleaned with a steam cleaner.
Porcelain veneering of the Co-Cr discs
In order to standardize the thickness and shape of the veneering porcelain for all discs and by the aid of the CAD/CAM technology, a special CAD wax disc sample (10mm diameter x 6mm thickness) [29] was designed similar to the CAD/CAM fabricated Co-Cr discs using the CAD software (Exocad Dental CAD,v.2016,GmbH, Darmstadt, Germany). The CAD wax disc was milled from a casting wax blank for CAD/CAM (Huge, GmbH & Co. KG, Germany) using a 5-axis milling machine (vhf CAM 5-S1, camfacture AG,Germany). The CAD wax was milled to be used as mold former. This CAD wax disc was used to form 10 mm diameter and 6mm thickness silicon mold, thereby providing a 2mm thickness of veneering porcelain.
Technique of the silicon mold formation
The CAD wax disc (Huge, GmbH & Co. KG, Germany ) with dimensions 10mm diameter x 6mm thickness was fixed on a glass slab. Then light body of Vinyle Polysiloxane impression material (3M ESPE, Imprint 3 Quick Step,U.S.) was injected around the CAD wax disc. Another glass slab was placed over the impression, under uniform pressure of a 5 kg weight. After complete setting of the impression material, the weight and the upper glass slab were removed leaving the CAD wax disc surrounded by the silicon mold. Then the CAD wax disc was removed from the silicon mold leaving a space with dimensions 10 mm diameter x 6mm thickness. A sharp lancet was used to section the silicon mold into three pieces for ease of separation. After that the Co-Cr disc sample (10mm diameter x 4mm thickness) was inserted into the space created in the silicon mold leaving a standardized 2 mm thickness to be filled with porcelain. [30] 
Porcelain build up
Prior to their porcelain veneering, all the Co-Cr discs were subjected to sandblasting with 125μ aluminum oxide particles for both milled and cast discs at 3 bar pressure, 20 mm distance and 90° angle between the sandblaster's nozzle and the disc's surface following the manufacturer's recommendations. All samples were cleaned with air steam.
Porcelain was applied to all samples, according to the manufacturer's instructions, by layering technique using feldspathic porcelain that involved applications of opaque, dentin, and enamel layers (VITA VMK Master, Vita Zahnfabrik, Germany). A layer of opaque porcelain was first applied to the metal after mixing and fired at (960˚C) in a porcelain furnace (Programat P310 furnace,Ivoclar Vivadent,Schaan, Liechtenstein). To avoid shrinkage, another layer of opaque porcelain was mixed and applied over the discs and was fired at (950˚C), followed by dentin and enamel porcelain application and firing (930˚C) then autoglaze firing (920˚C). Porcelain was applied, condensed and fired according to the manufacturer's recommendations. Porcelain was fired on all discs together to standardize the procedure. In order to know the amount of shrinkage during firing, a dial caliper (6-inch stainless steel, Northern Tool) was used to assess the diameter of the porcelain before SBS testing.
Testing procedures
Thermo-mechanical cycling
Each group was randomly divided into two subgroups: one subjected to mechanical and thermal cycling, and the other one was stored in 100% humidity for 24 h at 37°C (control group) prior to the SBS test.
Thermo-mechanical cycling via cyclic loading was performed using a programmable logic controlled equipment; the newly developed four stations multimodal ROBOTA chewing simulator integrated with thermo-cyclic protocol operated on servo-motor (Model ACH-09075DC-T, AD-Tech Technology CO., LTD., Germany)
ROBOTA chewing simulator which has four chambers simulating the vertical and horizontal movements simultaneously in the thermodynamic condition. Each chamber consists of an upper Jackob's chuck as natural tooth antagonist holder that was tightened with a screw and the lower part was Teflon housing as sample holder. A weight of 5 kg, which is comparable to 50 N of chewing force was exerted. Mechanical cycling was performed by vertically loading samples with 50 N for 37500 cycles at 1.6 Hz. [31] The vertical movement was 3mm (with rising speed of 90 mm/s and descending speed of 40mm/s) and the horizontal movement was 1mm (with forward speed of 90 mm/s and backward speed of 40 mm/s) at a torque of 2.4 N.m. Thermal cycling (3000 cycles) [32] was carried out using thermocycler (Dual chamber, Bilgi, Turky) in distilled water at temperatures of 5˚C and 55˚C with a dwell time of 60s at each temperature.
Shear bond strength testing
All samples were individually mounted on a computer controlled universal testing machine (Model 3345; Instron Industrial Products, Norwood, USA) with a loadcell of 5 kN and data were recorded using computer software (Bluehill Lite; Instron Instruments). The samples were screwed in a metal holder in the lower fixed compartment of testing machine. Shearing test was done by compressive mode of load applied at metal-porcelain interface using a mono-beveled chisel shaped metallic rod attached to the upper movable compartment of testing machine traveling at cross-head speed of 0.5 mm/min. (Fig.1) . The load required to debonding was recorded in Newton.
Shear bond strength calculation:
The load at failure was divided by bonding area to express the bond strength in MPa : τ = P/ πr 2 where ; τ =shear bond strength (MPa, P =load at failure(N) π =3.14 and r =radius of disc(mm)
Failure mode analysis
Fractured disc samples were cleaned ultrasonically and carefully examined under digital microscope (Scope Capture Digital Microscope, Guangdong, China) at a magnification of 40X to analyze their failure mode. The images were transferred to an IBM compatible personal computer with (Vertical Image J 1.43U, National Institute of Health, USA)software. There are three types of failure mode mentioned in literature: Adhesive(at metal-ceramic interface), Cohesive(in porcelain) and Mixed (mixture of adhesive and cohesive failure). [12] 
Statistical Analysis
Independent sample t-test was used to compare between two groups in non-related samples. Two-way ANOVA was used to study the effect of fabrication techniques, thermo-mechanical cycling and their interaction on mean shear bond strength.
The significance level was set at P≤0.05. Statistical analysis was performed with IBM (IBM Corporation, NY, USA) SPSS Statistics Version 20 for Windows (SPSS, Inc., IBM Company).
RESULTS
The mean and standard deviations for the mean values of shear bond strength measured in(MPa) Fig. (1) A disc sample tightened in a metal holder in a universal testing machine were calculated for each group in each test. Data were explored for normality using Kolmogorov-Smirnov and Shapiro-Wilk tests, data showed parametric distribution. (Table1) 
Means with different small letters in the same column indicate statistically significance difference, means with different capital letters in the same row indicate statistically significance difference. *; significant (p<0.05); non-significant (p>0.05)
1-Shear bond strength results
A. Effect of fabrication techniques
The fabrication techniques were statistically insignificantly affecting the shear bond strength of both CAD/CAM milled and conventional casting groups, it was graphically represented in (Fig. 2) . 
Without thermo-mechanical cycling: CAD
B. Effect of thermo-mechanical cycling
Thermo-mechanical cycling was statistically significantly affecting the shear bond strength of both CAD/CAM milled and conventional casting groups, it was graphically represented in (Fig. 3 ). Conventional casting samples: recorded higher statistically significant shear bond strength mean value (39.65±4.43MPa) without thermo-mechanical cycling than those with thermo-mechanical cycling (25.10± 2.93MPa) where (P<0.001).
Two-way ANOVA results presented in (table2) showed that thermo-mechanical cycling had a statistically significant effect on mean shear bond strength. While fabrication technique had no statistically significant effect on mean shear bond strength. However, the interaction between the two variables had non-statistically significant effect on mean shear bond strength. 
Degrees of freedom = (n-1), * Significant at P ≤ 0.05
2-Failure Mode Results
All the samples showed mixed type of failure with a porcelain remains attached to metal surface (Fig.4,5 ). 
DISCUSSION
Even though all-ceramic crowns are the most selected and used restorations in prosthodontics, till now PFM restoration is proved to be a gold standard in prosthodontics. [32] Metal alloys were chosen for cores and frameworks in FPDs for their high strength properties and their ability to reinforce the veneering porcelain. [33, 34] Previous clinical studies showed that the clinical longevity of PFM restorations ranges between 10-20 years or even more and that the causes of their variation are always other than mechanical failure of the prostheses. [20, 35, 36] Metal-ceramic FPDs are clinically evaluated by mechanical tests, which affect the bonding between metal substrate and ceramic. The quality of MC bond has been frequently investigated. For clinical longevity the use of PFM restorations have to conform to certain demands such as biocompatibility, MC bond strength and corrosion resistance. [37, 38] This study evaluated the SBS of PFM samples constructed through different fabrication techniques of Co-Cr alloy : CAD/CAM milling and conventional casting techniques. Some studies were done to test SBS between porcelain and Co-Cr regarding the method of fabrication. [18] [19] [20] The CAD/CAM milling of metallic restorations was recently introduced with the evolution of special metal blanks that have been constructed in an advanced method. CAD/CAM milling usually uses tools to cut the block to the planned shape and are controlled by a computerized system. Milling decreases pores and flaws which occurred during the conventional casting process as the Co-Cr blanks are manufactured in highly standardized conditions, also the cutting efficiency of the milling tools allows for the precision of fabricated samples. [39] For these reasons CAD/CAM fabricated technique of Co-Cr was selected in this study.
Several testing procedures were used in researches in order to evaluate the bond strength between metal and ceramics, such as the tension [25] , SBS [12, 19] , flexural and three-point bending. But still few data in the literature regarding the most appropriate test to assess the bond strength between these two materials. [20, 40, 41] However, some authors found that the SBS test is the most reliable method to measure bond strength between the two materials. [6, 12, 19, 22] The predominant stress in the SBS test is shear stress, while in the 3-point bending test; tensile stress prevails. So the test chosen in this study is the SBS test which was in accordance with Della Bona and Van Noort(1995) [42] , Valandro et al (2008) [18] , Joias et al (2008) [22] , and Haselton et al (2001) [43] who reported that the SBS test has two priorities over other testing procedures for dental materials as it decreases the degree of involvement of operators in the preparation of samples, and that the failure of any sample is promptly obvious after testing (other tests need grinding or cutting first).
To duplicate the intra-oral conditions, many researches have used both thermal and mechanical cycling. [40, 44, 45] The aim of mechanical cycling is to investigate the repetition of the chewing forces, to discover the survival time of different restorative materials. So it was found that cracks or wear surfaces can cause impairment of the material. [46] Thermal cycling with temperature fluctuations produces repeated stresses that adversely affect the adhesion between metal and ceramic. [41] Heintza et al (2016) [47] informed that thermo-mechanical cycling can be used to evaluate the behavior of such materials when they are subjected to thermal and mechanical stress and that cyclic loading is a reliable factor for the clinical durability of PFM restorations than static loading. The chewing simulator is an appropriate and costeffective equipment to test PFM restorations for fatigue resistance. The testing procedure using chewing simulator can be applied to different layered prostheses as ceramic on metal, ceramic on zirconia and monolithic ceramic materials. [6] So, in-order to simulate the intra-oral conditions, thermo-mechanical cycling with natural tooth antagonist was carried out in the present study.
In this research, to minimize variations inherent to any manual process, the wax patterns for the Co-Cr discs fabricated by the conventional casting were constructed by the CAD/CAM technology similar to previous researches [6, 7, 14] who found that Co-Cr samples obtained from lost wax casting procedure using CAD/CAM wax patterns had better marginal fit and MC bond than those obtained from manually fabricated wax patterns. Additionally, this was in agreement with Joias et al (2008) [22] who suggested that Co-Cr alloys fabricated using traditional lost wax casting procedure with conventional wax patterns has less bonding with porcelain.
Conventionally used feldspathic porcelain was selected for layering as it is the most widely used veneering porcelain in combination with metals. In order to standardize the porcelain build up for all samples, a CAD/CAM milled wax disc with 10 mm diameter and 6 mm thickness was used thereby providing a 2mm thickness of veneering porcelain. [29] Regarding the effect of the fabrication technique on the SBS values, the results of this study support the acceptance of the first null hypothesis which stated that no differences would be found in SBS values with the milled or cast Co-Cr groups. There was no statistically significant difference between CAD/CAM milling and conventional casting groups. Which might be due to that the lost wax casting of Co-Cr discs were done using CAD/ CAM milled wax to overcome the disadvantages of manual fabricated wax discs. Also the grain size of the particles used for airborne-particle abrasion and the air pressure used can be considered as factors affecting the results. In the present study the same pressure of 3 bar and the same grain size of airborne-particle abrasion were used according to the alloy manufacturer's suggestions. The angle and distance of the nozzle during the surface treatment are additional factors that might affect the surface structure. [40] So all these factors were stan-dardized in this study. The results were consistent with Serra-Prat et al (2014) [15] who found insignificant difference in MC SBS between Co-Cr restorations fabricated by lost wax casting method and the CAD/CAM fabricated Co-Cr restorations. Also, the current results were in agreement with Lee et al (2015) [6] who observed that Co-Cr alloy fabricated with CAD/CAM technology had similar bond strength to porcelain as the Co-Cr alloy fabricated with conventional casting technique using CAD/ CAM wax. But these present results were not in agreement with Wang et al (2016) [48] who found significant differences in MC bond strength between cast and milled groups with higher values for milled group which may be due to the difference in the bond strength test used in both studies as in their study 3-point bend test was performed.
On the other hand, results of the present study support rejection to the second null hypothesis which stated that SBS values would not be affected by thermo-mechanical cycling. As the results of this study showed that SBS for the thermo-mechanical cycled cast and milled samples was statistically significantly lower than SBS values for the nonthermo-mechanical cycled samples. Also, the results showed that after thermo-mechanical cycling, the CAD/CAM milled group exhibited lower rate of decrease in SBS than the conventional casting group. The resulted decrease in SBS of both groups might be due to mechanical cycling the causes dynamic fatigue at MC interface in a simulated oral environment. Additionally, thermal cycling with its successive temperature changes during water immersion, induces repeated stress that weakens the bond between metal and ceramic, due to the difference between these materials' coefficients of thermal expansion leading to different rate of expansion/contraction of the two materials which could affect SBS. [41] Regarding the effect of thermo-mechanical cycling on SBS values, the results of current study were in agreement with Vojdani et al (2012) [50] who evaluated the effect of thermo-mechanical cycling on the bond strength of a ceramic to three Co-Cr and two Ni-Cr alloys, and observed that thermomechanical fatigue condition has decreased the bond strength of Ni-Cr and Co-Cr alloys to the ceramic. However, they proved that the MC samples still have adequate bond strength for clinical performance of the restorations. Also, the results were in accordance with Serra-Prat et al (2014) [15] who compared the SBS of porcelain to cast, laser sintered and milled Co-Cr alloys, and found that SBS values were decreased for all the thermo-cycled samples and significantly so for the cast and milled samples. The results obtained by Lombardo et al (2010) [20] , Oliveira de Vasconcellos et al (2011) [40] , Oyafuso et al (2008) [41] and Fischer et al (2009) [49] were also similar to that reported in this research regarding reduction in the SBS values after thermomechanical cycling with significant differences. On the contrary, Antanasova et al (2018) [51] and Trindade et al (2014) [52] concluded that thermomechanical cycling decreased the bond strength for the ceramic to Co-Cr specimens but without statistically significant differences. This might be due to the difference in the thermodynamic protocols used in these two studies in comparison to the thermodynamic protocol used in this present study.
As there is no association between SBS values and the fabrication techniques, in addition to the lower rate of SBS reduction of CAD/CAM milled group after thermo-mechanical cycling. So the CAD/CAM milled Co-Cr restorations can be used as an alternative to lost wax cast restorations due to their advantages over the casting fabrication technique in reducing the porosities and flaws induced from the casting one which can affect the quality of final restorations. [39] In most literatures it was accepted that the ISO 9693 recommended the SBS value for metal-ceramic restorations to be at least 25 MPa. [22] The SBS values obtained in this study for both thermo-mechanical cycled and non-thermo-mechanical cycled samples were higher than this recommended value.
Analysis of the failure mode in this study revealed that all of the disc samples presented mixed failure which consists of both adhesive failure between metal and porcelain, and cohesive failure in the porcelain, with a porcelain fragment in contact to the metal. These results were in accordance with those of Oliveira de Vasconcellos et al (2011) [40] who investigated the effect of thermo-mechanical cycling on the bond strength of a ceramic fused to both Co-Cr alloy and gold alloy with prevalence of mixed failure for both alloys. Also the mixed failure resulted in this research was the same as observed in the study done by Suliman and Styern (2013). [53] Additionally, according to Papazoglou and Brantley (1998) [54] , the mixed type of failure allow the existence of excellent bond strength between metal and ceramic.
According to the results observed in this study, mixed failure was found in all groups, while the SBS values regarding thermo-mechanical cycling were statistically significantly different among these groups which was in agreement with many authors [12, 20, 22, 33] who have investigated the relationship between the bond strength and failure mode and informed that there is no direct relationship between failure mode and metal ceramic SBS.
The limitations of this study include being an in-vitro investigation which cannot reproduce all clinical parameters. So longitudinal clinical trials are still needed to evaluate the behavior of the differently fabricated PFM restorations clinically.
CONCLUSIONS
Within the limitations of the present study the following conclusions can be drawn:
1. Fabrication technique of Co-Cr alloy had no significant effect on SBS.
2. Thermo-mechanical cycling of milled and cast Co-Cr samples significantly affecting SBS with the superiority of the non-thermo-mechanical cycled samples.
